■A Remote Terminal Urrit Assembly" 

The present invention relates to a remote terminal unit (RTU) assembly. RTUs 
often form part of a control system which generally comprises a master station 
having a networked communications link with a plurality of RTUs, each 
associated with one or more separate plant units providing control and 
monitoring functions for the control system. 

For example in a water distribution system for domestic water supplies there is a 
need to manage the reservoirs, there is a need to manage water treatment and 
storage, the basic water distribution itsetf, the waste water collection and 
subsequently the waste water treatment which latter may Include the whole 
recycling process, not alone of waste water from domestic use, but also the 
treatment of sewage. There is thus in effect a large number of pieces of 
equipment generally hereinafter referred to as plant units, which require both 
control and monitoring operations to be performed on them from a central 
master station, or from a plurality of control or master stations. There are major 
problems in such control systems in that they have to operate with a high degree 
of availability and they have to be able to accept the addition of new equipment 
onto the network. The industry Is continually facing higher quality standards, 
whether it be environmental, safety or security. There is also increased demand 
on the supply and indeed there are the attendant problems of having a targe 
amount of relatively old equipment to which automation systems and controlling 
units are being applied on a piecemeal basis. The problem is that almost 
certainly over time, Indeed on a regular basis, it is necessary to change or add to 
several aspects of the operations. The typical fife of an automation system in 
the water distribution industry has been somewhat of the order of S years, which 
is a relatively short period of time within which to have to redesign and change 
the control system. 

Another example is the oil and gas industry, where essentially the same 
problems are encountered, even though the plant units now Involved and the 
actual control functions are entirety different being operations such as well 



monitoring, well testing, flow calculations, control of compressors, explosion 
suppression, tank storage installations and so on. Not alone are these sites 
often very remote geographically, but even more importantly they are often 
inaccessible during certain times of the year simply due to weather conditions. 
There is thus a need for extremely careful and almost foolproof monitoring, 
communication and control strategies or functions- These cannot break down as 
rf they do the consequences could be catastrophic in terms of the environment 
let alone human life. 

Similarly in the power distribution industry, there are almost identical problems. 
Again the plant units may be different In that they are now remote transformer 
substations, distribution networks, power lines, generating stations and the like- 
There is also in the power distribution industry the problem of demand which is 
variable in the sense that the power distribution network has to satisfy customer 
load requirements, rather than some fixed output This is much more variable, 
for example, than in the water distribution environment The problem is that the 
industry has to have not atone generation automation, but also substation and 
transmission and distribution automation, all of which leads to extremery complex 
protection, control and communication functions. 

On a slightly less complex level, substantially the same problems occur within 
individual plants, for example, a highly automated processing plant such as an 
oil refinery. Here there is similar needs of monitoring and control to ensure the 
adequate operation of the plant over time. While it may be easier to replace 
faulty remote terminal units in a less geographically spread environment than for 
example with a utilities distribution network, there are still the same problems. 
This is particularly so if there is a lack of staff and this is a growing worldwide 
problem, as companies more and more try to operate equipment at the lowest 
possible manning levels. 

However, as mentioned above, the problem is even worse with public utility 
operations, where there has been relatively rapid growth, increasing consumer 
demands for 100% reliability and in turn pressures on the utility providers to 



reduce costs and improve efficiencies. As mentioned above, many of the utilities 
have to operate plant units whfch are very old and in some cases over 50 years 
old. Further as the utffity companies invest in information systems, the 
information systems are being made obsolete by developments in the 
information systems, of requirements for information processing that the 
previously installed information system cannot accommodate. 

All these systems use remote terminal units (RTUs) to monitor and control the 
operation of the plant units within the system and to ensure that they are 
correctly controlled. There are many efficient designs of RTUs, however, In 
large systems they suffer from certain significant defects. Obviously the first 
effect is to ensure that they are available and that they perform their functions 
correctly. However, scalability, flexibility with a need to upgrade systems is a 
major problem. 

The traditional design approach for RTU includes the use of a central, main or 
primary microprocessor as effectively the operating system of the RTU. In some 
cases additional microprocessors may be used to augment the first processor 
and perform functions such as input/output to a plant unit There are certain 
designs of RTUs that are used extensively, the first and simplest is a main 
processor having a series of I/O ports. The second type consists of a main 
microprocessor and then sub-microprocessors each operating with separate I/O 
ports. As the cost of microprocessors declines, the addition of sub- 
microprocessors becomes more feasible and undoubtedly this allows increased 
overall processing capability and some operational advantages. Finally the more 
recent type of RTU comprises a plurality of sub-microprocessors, each dealing 
with separate I/O ports which In turn communicate back to a main processor, 
which can be sited remote from the other sub-processors. 

The problem is that all these types of RTUs suffer from the fundamental 
disadvantage in that there is absolute reliance on the main processor and thus 
any failure of the main processor causes failure of the whole system. This is 
particularly apparent in complex applications where performance bottle-necks 
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are common. While processors have become more powerful so too has the 
complexity of the tasks required to be performed on the plant units. Even RTUs 
not currently suffering from performance bottlenecks are likely to do so In the 
future as a result of increased demand. 

5 

Furthermore, the functions which these RTUs can perform are Inflexible and 
frequently such RTUs are proprietary and cannot communicate with RTUs from 
other vendors. As each component of this type of RTU is different being 
manufactured as a separate element and configured for a given purpose there 
10 are few opportunities to reduce cost through the use of identical components. 

j Additionally, due to the rigid structure it is not possible for RTU suppliers to 

'■i provide an evolutionary path for Utilities over any reasonable period. While 

elements such as the main microprocessor can be upgraded the Interconnection 
scheme which links it to sub-processors Is frequently age dependent Linked to 
15 this are difficulties associated with using these untts, as the main microprocessor 

has to understand the relationships and interactions between it and its 
sub-processors. Thus, information must be frequently configured to be directed 
from one processor to another. 

20 In summary, known architectures are limited in the scale of applications which 

may be addressed. For example utility companies frequently operate very small 
substations comprising no more than a few pieces of equipment in the same 
area as large substations having several thousand pieces of equipment 
distributed over an area of thousands of square meters. While each of these 

2 5 facilities require the performance of similar functions and it is dearly desirable for 
the utility company to be able to use the same technology for both. Current 
solutions are either not cost effective or are technologically undesirable. 

The present invention, is directed towards overcoming these problems and 

3 0 towards providing an RTU assembly that will be more efficient in use than 
heretofore. 



of Invention 



According to the invention there is provided an RTU assembly comprising: 

at least two independently operational cells for system functions 
each formed from re-configurable components; 

inter-cell communication means for the continuous downloading of 
information between cells; 

a data controller having means to provide a unique identifier to each 
data input to the RTU; and 

acceptor means on each cell to receive data appropriately identified 
for that cell for subsequent processing. 

There are numerous advantages in this. Since each cell is effectively a 
separably operable RTU, the failure of one cell does not affect the failure of 
another cell. Further, it is possible to immediately communicate with another 
cell that there has been a failure and therefore, the other cells can, in many 
instances, Immediately assume the processing function of the now failed cell 
and the control system would operate in substantially the same manner as 
before without showing any fault in the system. The control system would 
continue to operate as before as ail the operational functions of control and 
monitoring would continue to be carried out on these plant units. 

Preferably the data controller and the receptor means are formed by a 
distributed database. The use of a distributed database is particularly 
advantageous. It is a very efficient database to use and fortunately the 
database can be held effectively on each cell and thus each cell will have 
information as to what other cells hold and will also have information as to 
which information it should take. 

Ideally in the RTU assembly according to the present invention a system 
operational function is assigned to a cell to form a primary cell and at least one 



additional cell as a back-up cell and in which the primary cell performs the 
operational function while the back-up cell receives the data until the primary 
cell falls and the back-up cell assumes the role of a primary celt. The 
advantage of this is that if any break-down occurs in the cell then another cell 
immediately takes over the particular function and this function can be for 
example communications, it could be a particular processing function, it could 
be inter-cell communications, It could be communications with a master station 
or any other form of communication. The great advantage is that critical 
functions can be provided with redundancy. The important point is that the cell 
that previously was the back-up cell becomes the primary cell and If there is a 
third back-up cell, it remains as the back-up cell to the new primary cell. Thus, 
any particular function can be guaranteed to be performed and the failure of a 
cell will not affect it 

Ideally more than one cell is connected to the same I/O port of a plant unit to 
which it is connected. The advantage of having this will be immediately 
apparent It is a simple matter to wire more than one cell to any I/O port of a 
plant unit 

Ideally the inter-cell communication means incorporates re-cortfiguration 
means to change the operational function of a cell and it may incorporate 
means to transfer to and store instructions in any cell for subsequent re- 
configuration of that or any other cell. The great advantage of this is that by 
providing re-configuration means In the multiple RTU, the failure of any cell is 
quickly obviated by the assumption Immediately, by another cell, of the 
functions being carried out on the plant units by the now failed RTU. 

Ideally the cells communicate through dual redundant networks and they may 
have a dual redundant power supply. There are obviously advantages in this 
but because the RTUs are being grouped as cells within this multiple RTU, the 
provision of such redundancy is relatively easily achieved. 

Ideally each cell comprises a data device for storing information relating to the 



functional operation of other cells in the multipfe RTU. The advantage of this is 
that each cell has full knowledge of the operational functions and requirements 
of any other cell. Thus, the maximum knowledge is provided. 

Finally the Invention provides a control system incorporating an HTU assembly 
of the type hereinbefore described. 

Detailed Description of the Invention 

The invention will be more clearly understood from the following description of 
some embodiments thereof, given by way of example only described with 
reference to the accompanying diagrammatic drawings in which: 

Fig. 1 illustrates in the manner of the present invention and in more 
conventional manner a diagrammatic representation of an operational cell 
used in the invention; 

Rg, Z illustrates In the manner of the invention and more conventionally 
three cells forming an RTU assembly according to the invention; 

Rg. 3 illustrates diagrammatical fy five cells forming the one HTU 
assembly according to the invention; 



Rg. 4 illustrates diagrammatical !y the functions assigned to the RTU 
assembly of Fig. 3; 

Rg. 5 illustrates inter-cell communications for the RTU assembly of Figs. 
3 and 4; and 

Rg. 6 illustrates diagrammatical ly a control system using RTU 
assemblies according to the invention. 



In this specification, the term *ceir is used to identify any unit, or indeed any 
part of a unit which is a re-conflgurabla operating component Essentially such 
a unit or cell could be In all respects a stand atone RTU. There is strictly 
speaking no limitation on what a cell can be. Generally a cell will contain a 
microprocessor or a number of microprocessors which usually have a power 
supply, I/O ports, the processors may also have a memory and generally 
perform various operations on receipt of a signal from a plant I/O port to which 
they are connected, as well as delivering signals to the plant unit to cause the 
plant to operate in a particular manner which control functions can in turn be a 
function of the receipt of commands from a central master control unit or 
could, for example, be in response to a signal received from another RTU, or 
indeed in response to a signal received from the same plant unit, or a different 
plant unit Thus, any reference to an RTU, or cell has to be given the broadest 
possible interpretation and similarly any reference to function can Include any 
systems operational function such as communications, automation, monitoring, 
data logging, control arid so on. 

As will become apparent from reading this specification, the essential feature 
of the invention is the management or control of the data received by the RTU 
assembly according to the invention which may be data on the operational 
behaviour of an item of equipment, data from another remote terminal, 
controller or other instructions inputted by a master station, or by a user or 
operator. The term "data" has no limitation in this specification, but ft can be 
used to encompass any input to an RTU. The essential feature of the 
invention as will become apparent hereinafter is that the data is handled to 
ensure that ail the cells have made available to them all the data inputted to 
the RTU and then it is arranged that the cell only receives that data that it 
requires to carry out the functions allocated to it and whatever other data it 
may require. There are two types of functions, control and system functions 

Fig. 1 illustrates in conventional manner an independently operated cell in two 
formats, namety as a six-sided cell and identified by the reference letter C1 
and In conventional manner again identified by the reference C1 and 



incorporating a microprocessor and I/O ports for plant interface to all intents 
what would conventionally be called an RTU if used on its own. 

fig. 2 shows an RTU assembly according to the present invention comprising 
three celts C1, C2 and C3 linked together, again these are by an inter-cell 
communication means, which is not illustrated separately but is simply shown 
by the contact between the three cells C1 , C2 and C3. This RTU assembly is 
identified by the reference MCI . 

Fig. 3 illustrates in the same form five cells C1 , C2, C3, C4 and C5 combining 
together to form an RTU assembly identified by the reference MC2. 

Referring now to fig. 4 the RTU assembly MC2 is illustrated showing how cell 
C1 has a communication function handled by its microprocessor, cell C2 has 
the automation function, cell C3 has a monitoring function, cell C4 has a 
duplicate communications function and cell C5 has a data logging function. 

Fig. 5 illustrates the RTU assembly MC2 Illustrating dual redundant inter-ceil 
communications. 

As has been mentioned already, the essential feature of the invention is the 
management or control of the data received by the RTU. This is provided by 
general control means and can preferably be divided up into a data controller 
having means to provide a unique identifier to each data input to the RTU and 
acceptor means on each cell to receive data appropriately identified for that 
cell for subsequent processing. This is achieved in accordance with the 
invention by the use of a distributed database, but many other means could be 
used. The dismbuted_database_stores__t h8 system functions and con frpL 
functions. A software program is available to implement t hese functions^ ^The^ 
software program will depend on the complexity of the function to be carried 
out and trie hardware of each cell. 



Referring now to Fig. 6 there is illustrated a control system comprising a 
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master station identified by the reference numeral MS1 having master 
communication links with a number of RTUs namely two single cell RTUs C1 
and C2 and three RTU assemblies MC1 , MC2 and MC3. The master 
communications link is identified in each case by the reference numeral 1 . 
Each of the RTUs C1 , C2, MC1 , MC2 and MC3 are in turn connected to plant 
units and their I/O ports, or plant interface modules by normal communication 
links which could be for example direct plug-in, identified by the reference 
numeral 2. The plant units are in turn identified successively by the reference 
P1 , P2, P3, P4 and P5. The I/O ports of the plant unit P3 are identified by the 
reference numerals 3, 4 and 5. The I/O ports of the plant unit P4 are identified 
by the reference numerals 6 to 10 inclusive and the I/O ports of the plant unit 
P5 are identified by the reference numerals 1 1 to 1 8 inclusive. 

The inter-cell communications link is not identified between the cells of the 
RTU assemblies MC1 , MC2 and MC3 and may be either single inter-cell 
communications links as illustrated, for example, in Fig. 4, or dual redundant 
inter-cell communication links as illustrated in Fig. 5. However, for simplicity 
these are not shown. Thus, it wilt be seen very simply from the drawing that 
the master station 1 is connected in conventional manner to two of the RTUs 
C1 and C2 and then is connected by its master communications link 1 with the 
cell C3 of the RTU assembly MC1 . It will be seen that the cells C3, C4 and C5 
are each connected to separate I/O ports 3, 4 and 5 respectively of plant unit 

PS- 
Dealing now with the RTU assembly MC2 it will be noted that there are two 
master communications links between the master station MS1 and 
respectively with cells C7 and C8. It will be noted that for example, with the 
RTU assembly MC2 that each cell is connected to more than one set of I/O 
ports in the plant unit P4. Thus, the cell C6 is connected to the I/O ports 7 and 
6 while the cell C7 is also connected to the I/O ports 6 and 7. Thus, there is 
redundancy of connection to the I/O ports. In this RTU assembly MC2, each 
I/O port is connected to at least two cells. However, in the RTU assembly 
MC3 only the I/O ports 12 and 13 are connected to more than one ceil, in this 
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case cells C1 5 and C1 6. There is thus a multiplicity of connections. 

To control the information the distributed database forms, as mentioned 
already, a data controller having means to provide a unique identifier to each 
5 data input to the RTU assembly and receptor means in each cell to receive 

data appropriately identified for that ceil for subsequent processing. The term 
"data controller" is used in this description for what is essentially a data control 
function embodied in software. The first thing that the data controller does is 
that ft provides unique identifiers to each data input This could be a specific 
10 unique identifier or could just be a general identifier, in other words, a 

3 particular parameter or signal from a plant I/O port would always be identified 

i in the same way. Each cell would have sufficient of the distributed database 

= on it to form acceptor means, again a short hand term for what is essentially a 

3 software program. Thus, each cell would have on it a list of the various data 

L; 1 5 that it would be polled with, as it where, and it then has the acceptor means to 

& choose the data it requires. For example, if the data was data that had to be 

used by it to carry out a particular function, that particular function would 
t require that data and therefore that data would be downloaded into the cell and 

a the cell would process the information. Essentially all that is required is that a 

'i 20 cell recognise Information as it needs and then takes it and that it rejects all 

i other information that it doesn't need. 

Where a system operational function is assigned to more than one cell, then 
one of the cells in effect forms a primary cell and the other additional cell forms 

25 a back-up cell, or if there are further additional cells, then they form more 

back-up cells. The arrangement is such that the primary cell performs the 
operational functions, while the back-up cell receives the data until the primary 
cell fails, or until some decision is made to take the primary cell out of service. 
Effectively then the back-up ceil assumes the role of the primary ceil, this can 

30 all be done in a seamless manner and doesn't require any control function. 



As mentioned above, in relation to the question of whether there is dual inter- 
cell communications means formed by dual redundant inter-cell 
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communication network is not illustrated, nor indeed is the power supply to 
each cell. Generally the power supply can be either a single power supply, or 
can include a redundant power supply tor added reliability. 



5 It will be appreciated that the Inter-cell communication means can download 

Information between ceils In an RTU assembly. It will be obvious from the 
various drawings that separate operational functions for processing within the 
RTU assembly can be allocated to any particular cell, or that, for example, the 
same operational function can be allocated to two cells to provide real time 
1 0 redundancy of the carrying out of that function so that you have certain 

operational functions allocated to more than one cell. 

It Is also envisaged that a separate I/O module could be provided which would 
include allocation means for allocating a predetermined I/O port to a specific 
15 cell of an RTU assembly according to the present invention. 

It will be appreciated that in some instances a cell will not be abie to carry out 



a whole function, but only part of the function. The present invention can 



___cortfigure a number of cells to carry out parts of the function so that a function 
20 is completed. 



it will be noted that a master communications link can be formed between at 
least two cells and the master station. For example, one of the master 
communications link could be a land based link and the other redundant link 
25 could be a radio based link. Thus, for example, in the case of an extreme 

emergency caused by an earthquake or the like, the radio link would still 
operate to provide the necessary control. 

It Is envisaged that the inter-cell communication means would incorporate re- 
3 0 configuration means to change the operational function of any cell, depending 

on whether that particular ceil indicates a malfunction or some other cell 
indicates a malfunction. 
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It will be appreciated that the re-configuration means could incorporate means 
to transfer to and store Instructions in any celt for subsequent re-configuration 
of that or any other cell. Idealty the re-configuration means would incorporate 
means to transfer operational functions allocated to a cell to another cell on 
5 sensing malfunction of a cell. 

One of the major features of the present invention is the provision of redundant 
communication networks, power supplies and the like. It is also envisaged that 
since all the cells will include a memory function that there will be provided 
means for storing information relating to the functional operation of other cells 
in each cell forming part of the RTU assembly. 

It will be appreciated that for any particular ceil forming the RTU assembly that 
a wide variety of I/O modules may be used to allow each cell to be optimised 
for the plant unit with which it is Interfacing. 

It will be appreciated that a most important feature of the present invention is 
the replacement of a controlling processor with a number of processors, each 
assigned an appropriate task or function, or group of functions within the 

& 20 overall operation of the RTU assembly. 

» J 

It will be appreciated that, for example, when an RTU assembly is required to 
perform additional tasks that additional cells may be added to the RTU 
assembly. When additional cells are added all that is required is that the 

25 correct communications protocol be loaded, if it is not already loaded on the 

new cell or RTU to ensure that Inter-cell communications can be provided. 
Thus, the cells do not have to have the same construction, but merely need to 
be similar and In any event no particular cell forms the principal processor, 
therefore at any stage ceils can be taken in or out of the RTU assembly and 

3 0 similarly the functions can be altered between individual cells. 



10 



15 



There are considerable advantages in this that might not be immediately 
apparent It means, for example, that when a new individual cell is added that 
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all the processing power of that cell which could be a powerful processor in its 
own right is than available to the RTU assembly. Thus, for example, when 
choosing a new piece of equipment whose cell will have to be added to the 
RTU assembly, ft is possible to ensure that the memory on the new cell is 
5 sufficient to allow for example upgrading, or the performance of other functions 

on the RTU assembly which are being performed by other cells at present 
This also allows that new cells with later technology can be added to old cells, 
thereby overcoming a major problem of technological aging which occurs in 
many such control systems. By adding cells to an RTU assembly it will often 

10 allow cells which would not be capable of performing the desired functions on 

the plant to then transfer some of the functions required to be performed to 
other cells so that the RTU assembly will perform all these functions. Thus, 
even older plants wfth RTU assemblies that are not sufficient to perform the 
necessary functions cells can be added to the system, because the individual 

1 5 cell can be added to the RTU assembly to enable it to perform the additional 

functions. 

Because there is inter-cell communication, the failure of one cell can be 
Irrelevant similarly when there Is the failure of the master communications link 

2 0 because the communication function can be either previously allocated to 

another cell to provide immediate redundancy, or can be subsequently 
downloaded onto another cell by the RTU assembly itself, the problem of the 
master communications link with the master station can be effectively 
eliminated. 

25 

It will be^ppretiated.triat.each.ralLc^ t o contin ually update _ 

the status, data requirements and system functions being carried out by itseff 
" and other celts at pre-set intervals. 

3 0 Since cells share common characteristics, It makes it possible for any 

collection of them to be used in any configuration for a given application 
without prior knowledge or design expertise. Thus, developments and 
installation costs are significantly reduced. 



It will be appreciated from the above that a critical consideration for the 
operation of the invention is that for a group of cells forming a multiple cell 
RTU assembly to operate satisfactorily they must have an intimate and 
accurate knowledge of each other's operation, even though they are individual 
entities. This is achieved by the inter-ceil communications. 

It wilt also be appreciated that because all the ceils are intercommunicating 
and that no particular cell is a principal or controlling cell that any cell can be 
configured to perform any function or functions and they don't have to be 
predefined, but can be re-allocated at any time. This, in addition to flexibility, 
ensures that the functions can be distributed evenly throughout the RTU 
assembly preventing excessive load on any particular cell and also preventing 
critical functions all being tied up in the one particular cell. 

Generally speaking the inter-cell communication means would be conventional 
dual redundant high speed LANs. 

While RTU is the term used in this specification, it will be appreciated that the 
invention is applicable to any signal processor that performs the functions 
mentioned. 

In the specification the terms "comprise, comprises, comprised and comprising" 
or any variation thereof and the terms Include, includes, included and including" 
or any variation thereof are considered to be totally interchangeable and they 
should all be afforded the widest possible interpretation and vice versa. Further 
it will be appreciated that the Invention may be varied within the scope of the 
claims. 



